In order to examine how narrow emission-line flux ratios depend on the Seyfert type, we compiled various narrow emission-line flux ratios of 355 Seyfert galaxies from the literature. We present in this paper that the intensity of the high-ionization emission lines, [Fe vii]λ6087, [Fe x]λ6374 and [Ne v]λ3426, tend to be stronger in Seyfert 1 galaxies than in Seyfert 2 galaxies. In addition to these lines, [O iii]λ4363 and [Ne iii]λ3869, whose ionization potentials are not high (< 100 eV), but whose critical densities are significantly high ( ∼ > 10 7 cm −3 ), also exhibit the same tendency. On the other hand, the emission-line flux ratios among low-ionization emission lines do not show such a tendency. We point out that the most plausible interpretation of these results is that the high-ionization emission lines arise mainly from highly-ionized, dense gas clouds, which are located very close to nuclei, and thus can be hidden by dusty tori. To examine the physical properties of these highly-ionized dense gas clouds, photoionization model calculations were performed. As a result, we find that the hydrogen density and the ionization parameter of these highly-ionized dense gas clouds are constrained to be n H > 10 6 cm −3 and U > 10 −2 , respectively. These lower limits are almost independent both from the metallicity of gas clouds and from the spectral energy distribution of the nuclear ionizing radiation.
INTRODUCTION
Seyfert nuclei are typical active galactic nuclei (AGNs) in the nearby universe. They have been broadly classified into two types based on the presence or absence of broad (typically ∼ > 2000 km s −1 ) permitted emission lines in their optical spectra (Khachikian, Weedman 1974) ; Seyfert nuclei with broad lines are type 1 (hereafter S1), while those without broad lines are type 2 (S2). This difference is thought to be due to a dependence of the visibility of broad-line regions (BLRs) on the viewing angle. Accordingly, the BLR is thought to be located in a very inner region (a typical radial distance from the central black hole is r ∼ 0.01 pc; see, e.g., Peterson 1993 ) and surrounded by a geometrically-and optically-thick dusty torus (AGN unified model; see Antonucci 1993 for a review).
Contrary to the BLR emission, narrow (typically ∼ < 1000 km s −1 ) permitted and forbidden emission lines, arising from narrow-line regions (NLRs), are seen in the spectra of both S1s and S2s. Therefore, the NLR is believed to be located far from the nucleus, and thus not to be hidden by dusty tori. If this is the case, the observed physical properties of ionized gas in NLRs do not depend on the viewing angle toward dusty tori. However, several studies have statistically shown that some high-ionization emission lines, such as [Fe vii]λ6087, [Fe x]λ6374, and [Ne v]λ3426, are stronger in spectra of S1s than in those of S2s (e.g., Shuder, Osterbrock 1981; Cohen 1983; Murayama, Taniguchi 1998a; Schmitt 1998; Nagao et al. 2000) . Some emission lines whose ionization potential is not so high (< 100 eV), but whose critical density is high, such as [O iii]λ4363 and [Ne iii]λ3869, also show the same Seyferttype dependence (e.g., Osterbrock et al. 1976; Heckman, Balick 1979; Shuder, Osterbrock 1981; Schmitt 1998; Nagao et al. 2001b ). These Seyfert-type dependences in some emission-line intensities seem to conflict with the framework of the AGN unified model. Therefore, some possible models have been proposed to explain such Seyfert-type dependences in the narrow emission-line intensities. One of the proposed ideas is that these Seyfert-type dependences in the strength of the high-ionization emission lines are caused by a viewing-angle dependence of the visibility of highly-ionized dense gas clouds, which are located very close to the nucleus, and thus can be hidden by dusty tori (Murayama, Taniguchi 1998a, b; Nagao et al. 2000 Nagao et al. , 2001b . On the contrary, Schmitt (1998) pointed out that the Seyfert-type dependences in the intensities of the highcritical-density transition can be understood if the intrinsic difference in the NLR size between S1s and S2s (see, e.g., Schmitt, Kinney 1996) is taken into account.
Which is the origin of the Seyfert-type dependence of those emission lines, the inclination effect (i.e., obscuration by dusty tori) or the intrinsic difference in the size of NLRs? To investigate this issue, it should be examined how emission-line strengths depend on the Seyfert-type. Thus, we have compiled emission-line flux ratios of many Seyfert galaxies from the literature. In this paper, we show the Seyfert-type dependence of various emission-line flux ratios based on this compiled database and discuss the origin of the Seyfert-type dependence.
THE DATA

Data
1
In this section, we briefly describe the properties of the database of emission-line flux ratios. See Nagao (2001) for details of this database. The database contains various emission-line flux ratios of 355 Seyfert nuclei in total; 33 narrow-line S1s (NLS1s; see, e.g., Osterbrock, Pogge 1985) , 48 broad-line S1s (BLS1s), 48 Seyfert 1.2 galaxies (S1.2s), 78 Seyfert 1.5 galaxies (S1.5s), 9 Seyfert 1.8 galaxies (S1.8s), 28 Seyfert 1.9 galaxies (S1.9s), 6 S2s with broad emission in near-infrared spectra (S2 NIR−BLR s), 12 S2s with broad polarized emission (S2 HBLR s), and 93 S2s without any broad emission in their spectra (S2 − s). In this paper, S1.2s are basically included in BLS1s, and S1.8s, S1.9s, and S2 NIR−BLR s are gathered into the class of "S2 with reddened BLR (S2 RBLR )". When necessary, NLS1s and BLS1s are gathered into the class of "S1 total ", and S2 RBLR , S2 HBLR s, and S2
− s are gathered into the class of "S2 total ". We adopt the classification of the Seyfert types by Véron-Cetty and Véron (2000) .
Since it is often difficult to measure the flux of narrow Balmer components accurately for S1s (and S1.5s), the correction for dust extinction adopting the Balmer decrement method (see, e.g., Osterbrock 1989) would cause possible systematic errors. Therefore, we did not correct any dust extinction effect on the emission-line flux ratios in the database. The effects of dust extinction on the following discussion are mentioned in subsection 3.2.
Selection Biases
The sample used here is not a complete one in any sense. Therefore, it is necessary to check whether or not the sample is appropriate for the statistical and comparative investigations carried out in the following sections. Since some possible biases may be caused if there are large systematic differences in their redshift or intrinsic luminosity distributions, we check their distributions below.
First, we check the frequency distribution of redshift for each type of Seyfert galaxies. The histogram of the frequency distribution, the median, the average, and the 1 σ deviation of the redshift for each type of Seyfert galaxies are presented in figure 1 and table 1. It appears that the S1s and the S1.5s tend to have higher redshifts than the S2s. In order to check whether or not the frequency distributions of the redshift are statistically different among the various types of Seyfert galaxies, we apply the Kolmogorov-Smirnov (KS) statistical test (see, e.g., Press et al. 1988) . The null hypothesis is that the redshift distributions of two types of Seyfert galaxies (in any combination) come from the same underlying population. The derived KS probabilities (i.e., the probabilities of two samples drawn from the same parent population) are summarized in table 2. The KS test leads to the following results: (1) the redshift distributions of the NLS1s, the BLS1s, and the S1.5s are statistically indistinguishable, (2) those of the S2 RBLR , S2 HBLR , and S2
− are also statistically indistinguishable, while (3) the NLS1s, the BLS1s, and the S1.5s have systematically higher redshifts than the S2 RBLR , S2 HBLR , and S2
− . Therefore, we must keep in mind that some properties investigated in the following sections may be affected by the redshift bias. We will check this possibility when we carry out statistical investigations of the emission-line intensity ratios (see subsection 3.2).
Second, we check the intrinsic luminosity distribution of each type of Seyfert galaxies. Following the AGN unified model, the nuclear nonthermal continuum radiation of S2s is absorbed by dusty tori and cannot be observed directly. This results in weaker continuum emission in the sample of S2s than in the sample of S1s, if the distribution of the intrinsic luminosity is the same between the samples of S1s and S2s. In other words, we may pick up intrinsically luminous S2s compared to S1s by survey observations with a certain limiting flux. Since such biases may affect the statistical properties of our samples, we have to check the intrinsic luminosity distribution of each type of Seyfert galaxy using some isotropic radiation. Here we investigate the distributions of the mid-and far-infrared luminosity, i.e., IRAS 25 µm and 60 µm luminosities.
1 These luminosities are thought to scale the nuclear continuum luminosity which is absorbed and re-radiated by dusty tori, and to have little viewing-angle dependence (e.g., Pier, Krolik 1992; Efstathiou, Rowan-Robinson 1995; Fadda et al. 1998) . Note that the effect of star formation at 25 µm is less than at 60 µm though active starburst may contribute to the 25 µm luminosity, not only the 60 µm luminosity. The histograms of the frequency distribution, the median, the average, and the 1 σ deviation of the IRAS 25 µm and 60 µm luminosities are given in figures 2 and 3, and table 2. The KS test leads to the result that the samples of S1s and S1.5s have higher IRAS 25 µm luminosity than that of the S2s, though the samples are statistically indistinguishable in the IRAS 60 µm luminosity. Since the intrinsic luminosity of Seyfert nuclei is more accurately represented by the IRAS 25 µm luminosity, this may mean that the samples of S1s and S1.5s are more luminous than that of S2s, statistically. We check whether or not this difference in the intrinsic luminosity distribution affect the later discussions in subsection 3.2.
RESULTS
Emission-Line Ratios with Balmer lines
Historically, the diagnostic diagrams proposed by Veilleux and Osterbrock (1987; hereafter VO87) have often been used to examine the physical properties of gas clouds in NLRs. The VO87 diagrams are made from the emissionline flux ratios of a forbidden line to a narrow component of a hydrogen Balmer line; e.g., [O iii]λ5007/Hβ, [N ii]λ6583/Hα, and so on. However, since it is often difficult to measure the narrow Balmer components for S1s (and S1.5s) accurately, it is unclear whether or not these flux ratios of S1s (and S1.5s) can be used to study the properties of NLRs and can be compared with those of S2s. Therefore, prior to comparing the frequency distributions of these emission-line flux ratios among various types of Seyfert galaxies, we examine whether or not the VO87 diagrams can work even for S1s and S1.5s.
In figure 4 , we show the diagnostic diagrams proposed by VO87, i.e., the diagrams of the emission-line flux ratio of [O iii]λ5007/Hβ versus that of [N ii]λ6583/Hα, [S ii]λλ6717,6731/Hα, and [O i]λ6300/Hα. The compiled data of Seyfert galaxies are plotted in these diagrams with the data of extragalactic H ii systems for references. Note that these emission-line ratios are little influenced by dust extinction, because the wavelength separations between the concerned two lines are small. It appears that the data of the S1s and the S1.5s show larger scatters than those of the S2s in each diagram, especially in the diagram of [O iii]λ5007/Hβ versus [S ii]λ6717,6731/Hα (figure 4b). Does this suggest that there is a systematic difference in the physical properties of NLR gas clouds between the S2s and the others, or that the measurements of the narrow components of Balmer lines are not well determined for the S1s and the S1.5s? To examine this issue, we investigate the relationship of the emission-line flux ratio between Hγ/Hβ and Hα/Hβ (figure 5). When we assume the case B approximation, their theoretically predicted ratios are Hα/Hβ = 2.9 and Hγ/Hβ = 0.47 (see, e.g., Osterbrock 1989).
2 In figure 5 , although most of the S2s can be well described by the case B prediction taking the effects of dust extinction into account (approximately 0 mag ∼ < A V ∼ < 3 mag), most of the S1s cannot be explained by the case B prediction with dust extinction. This suggests that the fluxes of the narrow components of Balmer lines are not well determined for the S1s (and S1.5s) although other possibilities (e.g., contribution of optically-thin gas clouds) cannot be ruled out. In any case, it is safe to avoid the fluxes of the narrow components of the Balmer lines in order to investigate the physical properties of NLR gas clouds in S1s and in S1.5s and in order to study any systematic differences of the NLRs between S1s and S2s.
Emission-Line Ratios without Balmer Lines
Some other diagnostic diagrams in which the narrow Balmer emission is not used have been proposed to discuss the physical properties of gas clouds in Seyfert nuclei (e.g., Baldwin et al. 1981; Ohyama 1996; Nagao et al. 2001a ; see also Halpern, Steiner 1983) . Such diagnostic diagrams seem to be highly useful in investigating both the physical properties of NLRs of S1s and S1.5s and any systematic difference from those of S2s. Therefore, we consider statistical properties of the NLRs only by using various forbidden emission-line flux ratios (see also Nagao et al. 2001a) .
In figures 6a-p, we show the frequency distributions of the compiled emission-line ratios,
for the S1s, the S1.5s and the S2s. In these figures, the distributions of the flux ratios for the NLS1s, the BLS1s, the S2 RBLR s, the S2 HBLR s, and the S2 − s are also shown in the right-hand panels. The frequency distributions of
for the S1s, the S1.5s and the S2s are shown in figure 7. Since these line ratios have been measured for a subset of the samples, we do not show their histograms for each subclass of S1s and S2s in this figure. In table 3, the median, the average, and the 1σ deviation of each emission-line flux ratio for the S1s, the S1.5s and the S2s are given.
In order to check whether or not the frequency distributions of these emission-line flux ratios are statistically different among the S1s, the S1.5s and the S2s, we apply the KS test. The resultant KS probabilities are given in table 4. These results can be summarized as follows. (1) As for the emission-line flux ratios of 
are different between the S2s and the other types of Seyfert galaxies (i.e., the S1s and the S1.5s). Since these 23 emission-line flux ratios are not correlated with the redshift and IRAS 25 µm luminosity as shown in figure 8 , the above results seem to be almost free from the redshift and luminosity biases mentioned in subsection 2.2.
As mentioned in subsection 2.1, no reddening correction has been made for all of the compiled emission-line flux ratios. Since it is known that the dust extinction is larger on average in S2s than that in S1s (e.g., Dahari, De Robertis 1988) , the above results may be caused by the difference in the amount of extinction between the S1s and the S2s. In order to check whether or not this is the case, we examine the effect of the extinction correction for each emission-line flux ratio adopting the Cardelli's extinction curve (Cardelli et al. 1989) . In table 5, we summarize the correction factors, by which the emission-line flux ratios should be multiplied to be converted into the extinctioncorrected values for the case of A V = 1 mag. Note that the mean difference of the amount of dust extinction between S1s and S2s is ∼1 mag (Dahari, De Robertis 1988; see also De Zotti, Gaskell 1985) . Since the effect of the extinction correction is too small for the cases of
, the differences in these emission-line flux ratios between the S1s and the S2s cannot be attributed only to the effect of the dust extinction. Furthermore, the differences in the flux ratios of
cannot be also interpreted by the effect of the dust extinction. Therefore, we conclude that the AGN-type dependence of these emission-line flux ratios is due not to the difference in the amounts of extinction, but to some other factors, as discussed later.
Here, we mention that these results are consistent with the previous studies. The excess of the flux ratio of
in S1s (and in S1.5s) has been reported by Osterbrock et al. (1976) , Heckman and Balick (1979) , Shuder and Osterbrock (1981) , Cohen (1983) , and Nagao et al. (2001b) . The excess of the intensities of highionization iron emission lines of S1s has been mentioned by Shuder and Osterbrock (1981) , Cohen (1983) , Murayama and Taniguchi (1998a), and Nagao et al. (2000) . Schmitt (1998) 
The Origin of the Seyfert-Type Dependence of the Emission-Line Flux Ratios
The results presented in the last section can be summarized as follows: (1) Most of the emission-line flux ratios which show the Seyfert-type dependence contain a high critical-density ( ∼ > 10 7 cm −3 ) and/or high ionizationpotential ( ∼ > 100 eV) emission lines, except for the ratio
(2) On the other hand, the flux ratios which do not exhibit the Seyfert-type dependence do not contain high-ionization emission lines. In table 6, we summarize the ionization potential and the critical density of each emission line used in our analysis. Since the [Fe xi]λ7892 emission has a very high ionization potential, its relative intensity could be different between S1s and S2s. However, it is unclear in our sample whether or not the [Fe xi]λ7892 emission is stronger in the S1s than in the S2s. One of the reasons for this may be the small number of [Fe xi]-detected objects. Further observations will be necessary to confirm the difference in the frequency distribution of the [Fe xi]λ7892 intensity between S1s and S2s.
We now consider the origin of the Seyfert-type dependence of those emission-line flux ratios. There are two possible alternatives. One is that the high-ionization emission lines arise mainly from dense gas clouds which are located very close to nuclei (Torus HINER 3 ; see Murayama, Taniguchi 1998a, b). Since such a region can be hidden by dusty tori, the visibility of the dense gas clouds may depend on a viewing angle toward the tori. This component may correspond to highly-ionized, dense (∼ 10 7−8 cm −3 ) gas beside the inner wall of dusty tori (see Pier, Voit 1995) . This idea was proposed by Murayama and Taniguchi (1998a) to explain the stronger [Fe vii]λ6087 emission in S1s compared to S2s. Taking this Torus-HINER component into account, Murayama and Taniguchi (1998b) showed that the difference in the [Fe vii]λ6087 intensity between S1s and S2s can be successfully interpreted by a dual-component photoionization model proposed by them (see also Nagao et al. 2001b) . The other idea is that the difference in the emission-line flux ratios reflects the intrinsic difference of NLR properties, e.g., physical size, density, temperature, and so on. Osterbrock (1978) mentioned that the systematic difference in the flux ratio of [O iii]λ4363/[O iii]λ5007 can be understood assuming n H ∼ 10 6−7 cm −3 for S1s and n H < 10 5 cm −3 for S2s. On the contrary, Heckman and Balick (1979) and Cohen (1983) claimed that the origin of the difference in [O iii]λ4363/[O iii]λ5007 between S1s and S2s is attributed not to the density difference, but to the temperature difference; i.e., T e > 2 × 10 4 K for S1s while T e ∼ 10 4 K for S2s. Here, it must be noted that these situations may occur when high-density or hightemperature regions are hidden by any obscuring matter in S2s. Namely, these two scenarios do not necessarily mean the intrinsic difference in the NLR properties. On the other hand, Schmitt (1998) reported that the systematic differences in the ratios of
between S1s and S2s can be explained by taking the physically (i.e., not projected) smaller NLR size of S1s compared to that of S2s, as suggested by Schmitt and Kinney (1996) , into account. Since smaller NLRs contain fewer ionization-bounded clouds, which radiate low-ionization emission lines selectively, this results in weaker [O ii]λ3727 emission compared to [Ne iii]λ3869 and [Ne v]λ3426 in S1s (hereafter "smaller NLR model").
Which scheme is more realistic, the obscuration of the Torus HINER in S2s or the smaller NLR model? In either case, both high-ionization gas clouds and low-ionization ones are necessary to explain the observations, and a certain systematic difference in the relative contribution between the two components can be regarded as the origin of the Seyfert-type dependence of the emission-line flux ratios. However, the two ideas make different predictions. The Torus-HINER model predicts that the intrinsic luminosity of high-ionization lines are brighter in S1s than in S2s because the Torus HINER is assumed to be hidden in the S2s (Murayama, Taniguchi 1998a) . On the other hand, the smaller NLR model predicts that the intrinsic luminosities of low-ionization lines are lower in the S1s than in the S2s because the low-ionization lines arise mostly from ionization-bounded gas clouds at outer NLRs. Therefore, the Torus-HINER model predicts similar [O iii] We now discuss observational tests for the two models. Since the frequency distribution of the intrinsic luminosity is different among the S1s, the S1.5s and S2s in our sample, as mentioned in subsection 2.2, these emission-line luminosities should be normalized by IRAS 25 µm luminosity to test the above predictions. In figure 9 , we show the fre-
, and [Fe vii]λ6087 luminosities of the S1s, the S1.5s, and the S2s, which are normalized by the IRAS 25 µm luminosity. The median, the average, and the 1σ deviation of each relative luminosity for the S1s, the S1.5s, and the S2s are given in table 7. In order to examine whether or not the distribution of the relative strength of the emission lines depends on the Seyfert type, we apply the KS test. The resultant KS probabilities are given in table 8. The KS test leads to the following results:
• The [O iii]λ5007 luminosity normalized by IRAS 25 µm luminosity is statistically indistinguishable among the Seyfert types. This is consistent with the Torus-HINER model, but in conflict with the prediction of the "smaller NLR model".
• The [O iii]λ4363 and the [Fe vii]λ6087 luminosity normalized by IRAS 25 µm luminosity appear to be higher in the S1s and in the S1.5s than in the S2s, although the statistical significance is low. This agrees with the prediction of the Torus-HINER model, but cannot be understood in terms of the "smaller NLR model".
• λ5007 exhibits a systematic difference in its frequency distribution between the S1.5s and the S2s. If this difference is also attributed to different contributions of the Torus HINER between the two types, it is suggested that the visibility of the [O iii]λ5007 emitting region depends on the viewing angle toward dusty tori. Indeed, the isotropy of the [O iii]λ5007 emission has sometimes been called into question, especially in radioloud AGNs. Jackson and Browne (1990) reported that the [O iii]λ5007 luminosity of the narrow-line radio galaxies is lower by 5-10 times than that of the broad-line quasars, matched in redshift and extended radio luminosity. On the other hand, Hes et al. (1993) found that these two kinds of radio-loud AGNs show no difference in the [O ii]λ3727 luminosity. These results suggest that the [O ii]λ3727 emission is isotropic, but the [O iii]λ5007 emission is not (see also Baker, Hunstead 1995; Baker 1997; cf., Simpson 1998) . Note that this conclusion is based on an assumption that broad-line quasars and (powerful) narrow-line radio galaxies are intrinsically similar, but different only in the viewing angle (see, e.g., Barthel 1989) . Polarized [O iii]λ5007 emission has been detected in some radio galaxies (di Serego Alighieri et al. 1997) , supporting the scenario that a part of the [O iii]λ5007 flux is hidden by the tori. Because such polarized [O iii]λ5007 emission has also been detected in a Seyfert 2 galaxy, NGC 4258 (Wilkes et al. 1995; Barth et al. 1999) , it is interesting to investigate whether or not the [O iii]λ5007 emission has an anisotropic property also in the sample of Seyfert galaxies, although Mulchaey et al. (1994) reported a negative result for this possibility.
If the [O iii]λ5007 emission of our sample is affected by an orientation-dependent dust obscuration, the frequency
) as a result of the obscuration of [O iii]λ5007 emission at a large inclination angle (see Kuraszkiewicz et al. 2000) . Here, the [O ii]λ3727 emission is thought to have no viewing-angle dependence. In figure 9 , we show a diagram of
, in which no obscuration effect is found. Recently, Kuraszkiewicz et al. (2000) reported that radioquiet quasars do not show evidence for an anisotropic property of the [O iii]λ5007 emission. Therefore, taking the results of both this study and Kuraszkiewicz et al. (2000) into account, radio-quiet AGNs including quasars and Seyfert galaxies may not have the anisotropic property of the [O iii]λ5007 emission, contrary to radioloud AGNs (see also Mulchaey et al. 1994) . Then, why is the frequency distribution of the flux ratio of [S ii]λλ6717,6731/[O iii]λ5007 different between the S1.5s and the S2s? A possible reason may be contamination of lower-ionization emission-line fluxes arising from circumnuclear star-forming regions associated in S2s, because it is known that circumnuclear star-forming activity tends to associate with S2s more frequently than with S1s (e.g., Thuan 1984; Heckman et al. 1995 Heckman et al. , 1997 . Indeed, there is a weak negative correlation between the flux ratio of [S ii]λλ6717,6731/[O iii]λ5007 and that of νF ν (25 µm)/νF ν (60 µm), as shown in figure 11 . Since the ratio of νF ν (25µm)/νF ν (60µm) becomes smaller when the star-formation activity contributes much more to the infrared continuum radiation, this correlation suggests that the star-formation activity may enhance the flux ratio of
Physical Properties of the Torus HINERs
Although the Torus HINER is regarded as a "highlyionized and dense" component, there are some remaining issues to be investigated: How dense is the Torus HINER? And, how high is the ionization parameter of ionized gas in the Torus HINER? To examine these issues, we carry out single cloud photoionization model calculations using the spectral synthesis code Cloudy version 90.04 (Ferland 1996) , which solves the equations of statistical and thermal equilibrium and produces a self-consistent model of the run of temperature as a function of depth into a nebula. Here, we assume that a uniform density, dust-free gas cloud with plane-parallel geometry is ionized by a powerlaw continuum source. The parameters for the calculations are: (1) the spectral energy distribution (SED) of the input radiation, (2) the chemical composition, (3) the hydrogen density of the cloud (n H ), (4) the ionization parameter (U ), and (5) the hydrogen column density. We adopt the following input continuum spectrum: (i) α = 2.5 for λ > 10µm, (ii) α = -2.0, -1.5, and -1.0, between 10 µm and 50 keV, and (iii) α = -2.0 for hν > 50 keV, where α is a spectral index (f ν ∝ ν α ). Koski (1978) reported that the optical continua of S2s can be approximated by a stellar contribution diluted by a featureless continuum, with the latter component described by a power law with α = −1.5 ± 0.5 (see also Storchi-Bergmann, Pastoriza 1989 Kinney et al. 1991) . We set the gas-phase elemental abundances to be the solar ones taken from Grevesse and Anders (1989) with extensions by Grevesse and Noels (1993) . To see the effects of metallicity, we also calculated for the case of Z = 0.5 and 2.0 in addition to Z = 1.0. We performed several model runs covering 10 2 cm −3 ≤ n H ≤ 10 8 cm −3 and 10 −3.5 ≤ U ≤ 10 −1.5 for three kinds of SED. Since an unusually strong [O i]λ6300 emission with respect to the [O III]λ5007 emission is predicted by the model assuming high-density, ionization-bounded gas clouds, we assumed truncated (i.e., matter-bounded) clouds (see, e.g., Murayama, Taniguchi 1998b) . To make the gas clouds matter-bounded ones, the calculations were stopped at a hydrogen column density when a Lyman limit optical depth (τ 912 ) reached up to 0.1. In this condition, more than 96 % of hydrogen is ionized at the most outer region of a cloud.
In figure 12, figure 13 . This figure suggests that the observed emission-line flux ratios can be described by the models with U = 10 −2 . This value is almost independent of the input SEDs and metallicities.
However, these estimates (n H ∼ 10 6 cm −3 and U = 10 −2 ) are based on the assumption that all of the observed emission-line fluxes arise from the Torus HINER. In fact, it is evident that a part of the emission-line flux arises from the outer low-density regions. Since the gas clouds in such regions are expected to emit relatively lowionization emission-line spectra compared to those in the Torus HINER, the Torus-HINER emission must be diluted by such low-ionization emission-line spectra. Therefore, we should remind that the derived properties of Torus HINERs are lower limits. i.e., n H > 10 6 cm −3 and U > 10 −2 . These results are not modified significantly if we take a smaller value of τ 912 . In figure 14 figure 15 . Accordingly, larger gas density and/or ionization parameters than those estimated for the case of τ 912 = 0.1 are necessary to explain the observations in the cases of τ 912 > 0.1. In any case, we conclude that the lower limits of the gas density and the ionization parameter of the Torus-HINER are n H ∼ 10 6 cm −3 and U ∼ 10 −2 .
SUMMARY
Based on a compilation of the optical emission-line spectra of Seyfert galaxies, we have investigated the Seyferttype dependences of various emission-line flux ratios. Our analysis was made using only forbidden emission lines. This method has enabled us to compare the physical properties of the NLR among the various types of Seyfert nuclei (e.g., S1, S1.5, and S2).
In consequence of the statistical comparisons of various forbidden emission-line flux ratios among the Seyfert types, we have obtained the following results:
• As for the emission-line flux ratios of
, there are little or no systematic differences among the S1s, the S1.5s and the S2s.
• On the other hand, it is statistically significant that the emission-line flux ratios of
are systematically higher in the S1s and the S1.5s than in the S2s.
These results can be interpreted as that the flux ratios of a high-ionization and a high-critical-density emission line to a low-ionization emission line are systematically higher in the S1s than in S2s. There are two ideas which can possibly explain the Seyfert-type dependences of the relative strength of highionization emission lines; i.e., the viewing-angle dependence of visibility of Torus HINER and the intrinsic difference of the NLR size between S1s and S2s. To discriminate these two possibilities, we have examined the Seyfert-type dependences of some emission-line luminosities. The results are consistent with the prediction of the Torus-HINER model, but disagree with the "smaller NLR model". We have concluded that the difference of visibility of Torus HINER between S1s and S2s causes the Seyfert-type dependences of the relative strength of the high-ionization emission lines.
In order to investigate the properties of the Torus HINER, we have compared the relative strengths of highionization emission lines with the results of the photoionization model calculations. The estimated lower limit of the density and the ionization parameter are n H ∼ 10 6 cm −3 and U ∼ 10 −2 . These constraints are almost independent of input SEDs and metallicities of the ionized gas.
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7.673×10 6.994×10 −4
1.068×10
5.421×10
−7
8.856×10
−3
1.248×10
2.389×10 4.809×10 Table 4 . Resultant KS probabilities * concerning the forbidden emission-line flux ratios.
Line Ratio S1 total vs. S1.5s S1 total vs. S2 total S1.5s vs. S2 total
8.885×10 
1.006×10
−2
1.518×10
−1 * These values means the probabilities of two sample drawn from the same parent population. Table 5 . Correction factors for the extinction (A V = 1.0 mag).
Line Ratio Correction Factor Table 7 . Median, average, and 1 σ deviation of the line luminosities normalized by νL ν (25 µm).
Seyfert 1 Table 8 . Resultant KS probabilities * concerning emission-line luminosities normalized by νL ν (25 µm).
Line S1 total vs. S1.5s S1 total vs. S2 total S1.5s vs. S2 total
4.809×10
−2 * These values means the probabilities of two sample drawn from the same parent population. 
(31) 
(60) ν ν µ L Veilleux and Osterbrock (1987) . The diamonds are NLS1s, the squares are BLS1s, the circles are S1.5s, the triangles pointing to the left are S2 RBLR s, those pointing to the right are S2 HBLR s, and those pointing to the upper side are S2 − . Red color means S1s, blue color means S1.5s, and green color means S2s. For comparison, compiled H ii systems are also plotted in this figure. The plus signs are blue compact galaxies (Izotov et al. 1994) , the crosses and the "Y" signs are extragalactic H ii galaxies (McCall et al. 1985; van Zee et al. 1998 ), and the asterisks are H ii galaxies (Masegosa et al. 1994) . ( S1.5
S2 total (5) Fig. 7 .-Frequency distributions of the various emission-line flux ratios. Since the number of objects in each sample is small, the histograms are shown only for the S1 total s, the S1.5s, and the S2 total . are shown as a function of the gas density. Here, the Lyman optical depth is assumed to be τ 912 = 0.1. The dotted lines, the dashed lines, and the solid lines denote the models adopting U = 10 −3.5 , 10 −2.5 , and 10 −1.5 , respectively. The blue lines, the green lines, and the red lines denote the models adopting the metallicity of half the solar, the solar, and twice the solar one, respectively. shown as a function of the ionization parameter. In these models, n H = 10 6.0 cm −3 is assumed. The solid lines denote the models with the metallicity of half the solar value, the dashed lines denote the models with the solar metallicity, and the dotted lines denote the models with the metallicities of twice the solar value. 
